
US 20070116175A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0116175 A1 

Zhang et al. (43) Pub. Date: May 24, 2007 

(54) SYSTEM AND METHOD FOR Publication Classi?cation 
RECONSTRUCTING IMAGE BY USING 
STRAIGHT-LINE TRAJECTORY SCAN (51) Int- Cl 

H05G 1/60 (2006.01) 
(76) Inventors: Li Zhang, Beijing (CN); HeWei Gao, ‘4613 6/00 (200601) 

Beijing (CN); Zhiqiang Chen, Beijing GOIN 23/ 00 (200601) 
(CN); Kejun Kang, Beijing (CN); G21K 1/12 (200601) 
Jianping Cheng’ Beijing (CN); (52) US. Cl. .............................................................. .. 378/21 

Yuanjing~ Li, Beijing (CN); Yinong (57) ABSTRACT 
L111’, BelJmg FCN); Yuxlang Xlllg’ It is disclosed a system and a method for reconstructing an 
BCeI1\JI1I_1%((CN)l’l Z115? Zh];03__Be1J1g%\I image by using a straight-line trajectory scan to avoid image 
( )’ Ongs “n 1210’ elJmg ( ) spatial resolution reduction due to interpolations in angular 

direction and detector direction during data rebinning. This 
_ system comprises: a projection data conversion section for 

‘C;€SFSI%?IIX1;H€HAX1SEF:'IN & KELLY P A converting projection data from straight-line trajectory scan 
SUITE 1400 ’ ' ' into projection data under quasi-parallel-beam scan; a ?l 

900 SECOND AVENUE SOUTH tration section for obtaining ?ltered projection data by 
MINNEAPOLIS MN 55402_3319 (Us) convoluting the projection data under quasi-parallel-beam 

’ scan With a predetermined convolutional kernel; and a 
back-projection section for reconstructing an image by back 

_ projecting the ?ltered projection data With a Weighting 
(21) Appl' NO" 11/546,717 factor. By using the inventive system and method, the spatial 

- . resolution in the reconstructed ima e is im roved, and the (22) Filed. Oct. 12, 2006 g P 
in?uence of data truncation on the reconstructed image is 
reduced. The present invention applies the ?ltration and 

(30) Foreign Application Priority Data back-projection mode, and thus has general advantages of 
the ?ltration and back projection, such as simplicity and 

Nov. 21, 2005 (CN) ............................ .. 2005101235880 efficiency. And it is easy to be parallelized and accelerated. 

C I ' DETECTOR B 

‘ ‘ \ \ l I / ' ’ 
\ \ / / / 
\ \ \ \ \ / / / / 
\ \ / / / / 

\ \ \ \ I / / / ;/ STRA|GHT—LI NE 
" ,_ "*P'“\-‘V-\"\"|"7"7'7"7“;7“"" TRAJECTORY 

OBJECTTOYEEE ** \ \\\ \\|// //// a 
\ 

BE INSPECTED \ \\ \ \ I I//// /' 
\ \\\ | / I 

@w/ HORIZONTIAL PROJECTION ANGLE 6 

A RADIATION SOURCE 



Patent Application Publication May 24, 2007 Sheet 1 0f 4 US 2007/0116175 A1 

C I _ DETECTOR B 

\\ \_ \ \ \ I I / ' I 

\\ \ \\ \ \ I I // // /// 
\ 

‘"‘\ \\\"'////-/ . 
-_ 1.k__\\_}‘__\__\\_ |_7'__/__ /__/_/__7_-/____ STRAIGHT-LINE 

OBJECT TOTE »-1 \ \ \ \ ‘1 I / f , _ TRAJECTORY 
BE INSPECTED \ \ \ \ / 

\ \ \ \ 

\\ Fig. 1 

120 

10R|ZONT|AL PROJECTION ANGLE 8 

110 
- "f 

W / in / 



Patent Application Publication May 24, 2007 Sheet 2 0f 4 US 2007/0116175 A1 

/16l /162 
MEMORY INPUT UNIT _ 

/‘ 164 

CONTROLLER - _, ' _ - - ' /‘165 > 

/ PROJECTION DATA Y - 
163 - CONVERSION SECTION. 1651 

FILTRATIO 
' 1652 

N SECTION I 

BACK—PROJ———ECT ION ' 1653 

SECTION 

T: i g.‘ 3 

EQUIVALENT DETECTOR 

RAD I AT ION SOURCE’ , ’ ’ 

F i g. 4 



Patent Application Publication May 24, 2007 Sheet 3 0f 4 US 2007/0116175 A1 

Icos6=s-Dsim9 

- A 

F i’g. 5 

| .4 ' START I 

I ‘ ‘ ‘ ‘v V ' " ' S110 

READING OUT STRAIGHT-LINE /‘ _ 
TRAJECTURY SCANNED PROJECTION DATA - I . ~ 

- ' S120 

CONVERTING PROJECTION DATA / ~ 

" . - 's130_ 

FILTRATION ’ _ 

i . 
‘ ' ' ‘S140 

WEIGHTED BACK-PROJECT ION 

i 
STORING AND DISCPLYING 

F i g. 



Patent Application Publication May 24, 2007 Sheet 4 0f 4 US 2007/0116175 A1 

(A) 

Fig.7 



US 2007/0116175 A1 

SYSTEM AND METHOD FOR RECONSTRUCTING 
IMAGE BY USING STRAIGHT-LINE 

TRAJECTORY SCAN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the radiographic 
?eld, and more particularly to a system and method for 
reconstructing an image by using a straight-line trajectory 
scan to improve the scan speed of a three-dimension ste 
reography. 

[0003] 2. Description of the Prior Art 

[0004] With the development of CT (computed tomogra 
phy) techniques, a tomographic image With a certain quality 
can be reconstructed in a case of situation Where a limited 
angle projection data is obtained or the data is truncated. 
Thus, it becomes practical to apply an incomplete scan and 
reconstruct approximate images. Theoretically, for an imag 
ing system With a straight-line trajectory, if the length of 
scanning trajectory is in?nite, an exact reconstruction could 
be achieved. If the trajectory is of a ?nite length, then it is 
equivalent to a limited-angle CT scan. Therefore, by using 
CT reconstructions dealing With incomplete data, cross 
section images can be obtained from a straight-line imaging 
system, and the stereoscopic radiography is achieved. 

[0005] In practical security inspections, fast custom clear 
ance and rotation of large object are tWo dif?culties. This is 
because in conventional CT imaging systems, We need either 
rotate the object to be inspected, or rotate the detector and 
the source While the object remains stationary. That is to say, 
it is dif?cult for large volume object to be inspected such as 
train and truck. Besides, a circular cone-beam scan has 
another drawback of large cone-angle problem. 

[0006] With respect to the above problems, an imaging 
system having a straight-line trajectory, Computed Lami 
nography system, has already been proposed. It has a small 
range of projection angles and tomosynthesis kinds of 
reconstruction algorithms are often used. Hence it is poor in 
three-dimension stereoscopic imaging capability and is thus 
not applied in the security inspections. To reconstruct an 
image from a straight-line trajectory, the rebinning-to-par 
allel-beam algorithm is a common choice, in Which, projec 
tion data from the straight-line trajectory scan is rebinned 
into data under parallel beam scan and then the parallel beam 
?ltered back-projection (FBP) reconstruction is carried out.. 
HoWever, this algorithm has a problem of loW spatial 
resolution. This is because When the straight-line trajectory 
scanned data are rebinned into the parallel-beam scanned 
data, interpolations in the angular direction and the detector 
direction are needed and could reduce the spatial resolution 
in reconstructed images. 

SUMMARY OF THE INVENTION 

[0007] In vieW of the above problems, the present inven 
tion is done. It is an object of the present invention to 
provide a system and a method for reconstructing an image 
from a straight-line trajectory scan. In this method, the 
projection data are not necessarily rebinned into parallel 
beam so that the image resolution reduction due to the 
interpolations in the angular direction and the detector 
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direction during data rebinning is avoid. Therefore, the 
image quality of the reconstruction is improved. 

[0008] In one aspect of the present invention, there is 
provided an image reconstruction system from a straight 
line trajectory scan, Which comprises: a projection data 
conversion section for converting projection data under 
straight-line trajectory scan into projection data under quasi 
parallel-beam scan; a ?ltration section for obtaining ?ltered 
projection data by convoluting the projection data under 
quasi-parallel-beam scan With a predetermined convolu 
tional kernel; and a back-projection section for reconstruct 
ing an image by back-projecting the ?ltered projection data 
With a Weighting factor. 

[0009] Further, according to an embodiment of the present 
invention, the system associated With the image reconstruc 
tion further comprises a detector matrix including a plurality 
of detector elements for receiving transmitted signals caused 
by radiations Which are emitted from a radiation source and 
penetrate through an object to be inspected, and for con 
verting the transmitted radiations into the projection data. 

[0010] Further, according to an embodiment of the present 
invention, the plurality of detector elements are arranged in 
accordance With one and the same spacing interval. 

[0011] Further, according to an embodiment of the present 
invention, the projection data conversion section reverses 
and shifts the projection data p(l,t,Z) to obtain the projection 
data q(l,t,Z) under quasi-parallel-beam scan, Wherein the 
projection data p(l,t,Z) denotes a projection value at a 
coordinate of t in the Zth slice of the detector matrix When the 
object to be inspected relatively moves to a coordinate of l 
on the line; the ?ltration section performs one-dimension 
convolution of the projection data q(l,t,Z) under-quasi-par 
allel beam scan With the predetermined convolutional kernel 
in the 1 direction to obtain the ?ltered projection data 
Q(l',t,Z); the back-projection section back-projects the ?l 
tered projection data Q(l',t,Z) With a Weighting factor along 
the radiation projection direction to obtain the reconstructed 
image. 

[0012] Further, according to an embodiment of the present 
invention, the plurality of detector elements are arranged 
around the radiation source in accordance With one and the 
same angular interval. 

[0013] Further, according to an embodiment of the present 
invention, the projection data conversion section reverses 
and shifts the projection data p(l,y,Z) to obtain the projection 
data q(l,y,Z) under quasi-parallel-beam scan, Wherein the 
projection data p(l,y,Z) denotes a projection value at an 
angular position of y in the ZLh slice of the detector array 
When the object to be inspected relatively moves to a 
coordinate of l on the line; the ?ltration section performs 
one-dimension convolution of the projection data q(l,y,Z) 
under-quasi-parallel beam scan With the predetermined con 
volutional kernel in the 1 direction to obtain the ?ltered 
projection data Q(l',Y,Z) ; the back-projection section back 
projects the ?ltered projection data Q(l',Y,Z) With a Weighting 
factor along the radiation projection direction to obtain the 
reconstructed image. 

[0014] In another aspect of the present invention, there is 
provided a method for reconstructing an image from a 
straight-line trajectory scan, comprising: a projection data 
conversion step for converting projection data under 
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straight-line trajectory scan into projection data under quasi 
parallel-beam scan; a ?ltration step for obtaining ?ltered 
projection data by convoluting the projection data under 
quasi-parallel-beam scan With a predetermined convolu 
tional kernel; and a back-projection step for reconstructing 
an image by back-proj ecting the ?ltered projection data With 
a Weighting factor. 

[0015] Further, according to an embodiment of the present 
invention, the method for reconstructing an image further 
comprises a step of: receiving transmitted signals caused by 
radiations Which are emitted from a radiation source and 
penetrate through an object to be inspected and converting 
the transmitted signals into the projection data by a detector 
matrix including a plurality of detector elements. 

[0016] Further, according to an embodiment of the present 
invention, the plurality of detector elements are arranged in 
accordance With one and the same spacing interval. 

[0017] Further, according to an embodiment of the present 
invention, the projection data conversion step reverses and 
shifts the projection data p(l,t,Z) to obtain the projection data 
q(l,t,Z) under quasi-parallel-beam scan, Wherein the projec 
tion data p(l,t,Z) denotes a projection value at a coordinate of 
t in the Zth slice of the detector array When the object to be 
inspected relatively moves to a coordinate of l on the line; 
the ?ltration step performs one-dimension convolution of 
the projection data q(l,t,Z) under quasi-parallel-beam scan 
With the predetermined convolutional kernel in the l direc 
tion to obtain the ?ltered projection data Q(l',t,Z); the back 
projection step back-projects the ?ltered projection data 
Q(l',t,Z) along the radiation projection direction With a 
Weighting factor to obtain the reconstructed image. 

[0018] Further, according to an embodiment of the present 
invention, the plurality is of detector elements are arranged 
With regard to the radiation source in accordance With one 
and the same angular interval. 

[0019] Further, according to an embodiment of the present 
invention, the projection data conversion step reverses and 
shifts the projection data p(l,y,Z) to obtain the projection data 
q(l,y,Z) under quasi parallel beam scan, Wherein the projec 
tion data p(l,y,Z) denotes a projection value at an angular 
position of y in the Zth slice of the detector array When the 
object to be inspected relatively moves to a coordinate of l 
on the line; the ?ltration step one-dimension convolutes the 
projection data q(l,y,Z) under quasi-parallel-beam scan With 
the predetermined convolutional kernel in the 1 direction to 
obtain the ?ltered projection data Q(I',Y,Z), the back-projec 
tion step back-projects the ?ltered projection data Q(I',Y,Z) 
along the radiation projection direction With a Weighting 
factor to obtain the reconstructed image. 

[0020] As compared the present invention With the rebin 
ning-to-parallel-beam algorithm, the image spatial resolu 
tion is improved, and the in?uence of data truncation on the 
reconstructed image is reduced. The present invention 
applies the ?ltration and back-projection mode, and thus has 
general advantages of the ?ltration and back projection, such 
as simplicity and ef?ciency. And it is easy to be paralleliZed 
and accelerated. 

[0021] Therefore, as compared With conventional radio 
scopic scanner, the system according to the present inven 
tion obtains both a DR (digital radiography) image and a 
tomographic image, solves the problem of objects overlap 

May 24, 2007 

ping existing in the radioscopic system, and can achieve a 
fast stereo imaging in the security inspection ?elds. Com 
pared With the conventional CT imaging system, the system 
according to the present invention has advantages of fast 
examination speed, and no rotation, and out of problems 
such as large cone-angle problem in circular cone-beam CT 
scanner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a plane diagram of a straight-line trajec 
tory scan performed in the imaging system according to the 
present invention; 

[0023] FIG. 2 is a structural diagram of the imaging 
system according to the present invention; 

[0024] FIG. 3 is a functional block diagram of the con 
trolling and image processing unit in the imaging system 
shoWn in FIG. 2; 

[0025] FIG. 4 is a schematic diagram shoWing the geo 
metric relationship betWeen the equivalent detector and the 
object point to be reconstructed in the Z direction; 

[0026] FIG. 5 is a schematic diagram for explaining the 
geometric relationship of the straight-line ?ltered back 
projection procedure according to the present invention; 

[0027] FIG. 6 is a ?owchart of the straight-line ?ltered 
back-projection method according to the present invention; 

[0028] FIG. 7 is a performance comparison among 
numerical stimulated images Qi-Y plane) obtained by recon 
structing the data acquired by the stereoscopic imaging 
system With the inventive method and the rearranging par 
allel-beam method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Hereafter, the embodiments of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. 
[0030] FIG. 1 is a plane diagram of a straight-line trajec 
tory scan performed in the imaging system according to the 
present invention. FIG. 2 is a structural diagram of the 
imaging system according to the present invention. 

[0031] As shoWn in FIG. 1, an object to be inspected 
moves betWeen a radiation source A and a detector along a 

straight line. During the process of movement, the radiation 
source A emits radiations according to commands from a 
control system, Which penetrates the object to be inspected. 
The detector receives transmitted signals, acquires projec 
tion data under the control of the control system, and stores 
the projection data into a memory. 

[0032] The imaging system as shoWn in FIG. 2 comprises: 
a radiation source 110, Which is for example an X ray 
accelerator, an X ray tube or a radioisotope source etc., and 
chosen according to the siZe of an object 120 to be inspected 
and the application environment; a transporting device 130, 
for carrying and transporting the object 120 to be inspected 
stably, and making the object to be inspected moving along 
a straight line; a detector array 140, Which comprises a 
plurality of detector elements, is arranged opposite to the 
radiation source 110 and is vertical to the transporting device 
130, and has a horizontal range of projection angle more 
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than 90 degree relative to the radiation source 110, for 
example betWeen 90 and 180 degrees, and covers the object 
in vertical direction, can be an planner detector or a collinear 
detector; a control and data signal bus 150, for transmitting 
control and data signals; and a controlling and image pro 
cessing unit 160 connected to the radiation source 110, the 
transporting device 130 and the detector array 140, Which 
controls the transporting device 130 to move along a straight 
line and commands the radiation source 110 to emit radia 
tions, controls the detector array 140 to receive transmitted 
signals and generate the projection data, and performs 
post-processes to the generated projection data. 

[0033] Therefore, the object 120 to be inspected moves 
uniformly according to the straight-line scan trajectory 
shoWn in FIG. 1, and the detector array 140 samples 
synchronously and With a constant time interval to obtain the 
projection data. 

[0034] FIG. 3 is a functional block diagram of the con 
trolling and image processing unit 160 in the imaging 
system shoWn in FIG. 2. As shoWn in FIG. 3, the controlling 
and image processing unit 160 includes a memory 161 
Which is a storage medium such as hard disk and the like for 
storing data; an input unit 162 Which is an input means such 
as keyboard for facilitating users to input parameters or 
commands; a controller 163 for, after the user inputs a 
command through the input unit 162, instructing the trans 
porting unit 130 to make the object 120 to be inspected 
moving uniformly along a straight line, and the radiation 
generating unit 110 and data acquiring unit 140 to start 
Working in order to obtain the projection data; an internal 
bus 164 for connecting each units and transmitting the 
control signals and data; and an image reconstruction unit 
165 for performs reconstruction on the projection data 
obtained by the data acquiring unit 140. 

[0035] The image reconstruction process Will be described 
in detail With reference to FIG. 4. FIG. 4 is a schematic 
diagram shoWing the geometric relationship betWeen the 
equivalent detector (the real detector is imaged onto the 
central line of the linear movement of the object) and the 
point of reconstructed object in Z direction. 

[0036] Assuming that an approximate estimation for the 
object function f (r,q),Z) to be inspected is denoted as f(r,(|),Z), 
then the folloWing equation is hold: 

Here, the detector elements in the detector matrix are 
arranged With a constant spacing interval, and the data 
p(l,t,Z) denotes a projection value at a coordinate of t in the 
ZLh slice of the detector matrix When the object 120 to be 
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inspected moves to a coordinate of 1 on the line. It should 
be noted that t and Z are both equivalent values of each 
detector element of the detector matrix onto the central line 
of the linear movement of the object. 

[0037] In addition, in Equations (1)-(4), D denotes a 
distance from the radiation source in the radiation generating 
unit 110 to the central line of the linear movement; itIn 
represent a minimum and a maximum positions of the 
detector matrix in the X-axis direction; h is a convolutional 
kernel, and its theoretical value is 

generally, an S-L type kernel is used, a discrete form of this 
kernel is: 

—2 (5) 

[0038] Therefore, in the image reconstruction unit 165, a 
projection data conversion section 1651 reverses and shifts 
the projection data p(l,t,Z) to obtain q(l,t,Z), Wherein q(l,t,Z) 
denotes projection data under quasi-parallel-beam scan. The 
meaning of the term “quasi-parallel-beam scan” is that for 
respective angles, the equivalent sampling intervals of the 
detector elements are different, and the scanned angular 
samples may not uniform either. 

[0039] Thereafter, a ?ltration section 1652 performs one 
dimension convolution of the projection data q(l,t,Z) under 
quasi-parallel-beam scan With the convolutional kernel h in 
the 1 direction to obtain ?ltered projection data Q(l',t,Z). 

[0040] Next, a back-projection section 1653 back-projects 
the ?ltered projection data Q(l',t,Z) With a Weighting factor 
along the radiation projection direction to obtain the recon 
structed image. 
[0041] Here, it should be noted that the object of reversing 
and shifting is to convert the projection data from a straight 
linear trajectory scan into the projection data under quasi 
parallel-beam scan. The quasi-parallel-beam scan is not the 
parallel-beam scan in a standard CT because for each of the 
respective angles, the equivalent sampling intervals of the 
detector elements are different, and the angular samples may 
not uniform either. 

[0042] In addition, the object of ?ltration With the convo 
lutional kernel h is the same as in a standard FBP (?ltered 
back-projection) reconstruction algorithm, the reconstruc 
tion image can be achieved from the ?ltered projection data 
Q(l',t,Z) after Weighted back-projection. 
[0043] Therefore, in the present invention, the ?ltration is 
performed in the data acquiring direction 1, and the back 
projection is performed in the radiation projection direction. 
As compared With an algorithm of rebinning-to-parallel 
beam and do standard parallel-beam FBP, the present inven 
tion can fully utiliZe each of the valid data, improves the 
image spatial resolution, and is less sensitive to data trun 
cation than the rebinning-to-parallel-beam algorithm. 
[0044] BeloW, the above Equation (1) Will be derived by 
referring to FIGS. 1, 4 and 5. Before derivation, a procedure 
is ?rstly described for rebinning the linear scanned data into 
parallel-beam scanned data. 
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[0045] According to the scan mode shown in FIG. 1, each 
detector corresponds to one projection angle, and While the 
object f(x,y) is moving, is equivalent to a parallel-beam scan 
under that angle. Referring to the projecting schematic 
diagram of FIG. 5, With respect to the detector matrix 
arranged With a constant spacing interval, the rebinning-to 
parallel-beam formula for rebinning the linear scanned data 
into parallel-beam scanned data is: 

9:1Ptan’l (5) (6) 

Here, g(q, s)=6f(x,y)d(x cos q+y sin q—s)dxdy represents 
projection data With a projection angle of 0 and a distance 
from a rotation center of s in the parallel-beam scan. p(l,t) 
denotes projection data in the detector array When the object 
to be inspected relatively moves to a coordinate of l on the 
line. 

[0046] With Equation (6), it can be achieved to rebin the 
straight-line trajectory scanned projection data into the pro 
jection data under the parallel-beam scan. HoWever, in 
practical systems, since an in?nite straight line is impos 
sible, the rebinned data is not the parallel-beam scanned data 
of 180 degree of projection angles. That is to say, the data 
are incomplete for exact reconstruction. 

[0047] With respect to straight-line trajectory scan, 
although the samplings to l and t may be uniform, both the 
samplings of projection angle 0 and detector’s position s 
under the corresponding parallel-beam scan are not uniform. 
Therefore, the rebinning procedure requires interpolations in 
the angular direction and the detector direction, Which 
results in degrading the spatial resolution of the reconstruc 
tion. 

[0048] Next, the reconstruction process of direct ?ltration 
and back-proj ecting the linear scanned data according to the 
present invention Will be described. 

[0049] The reconstruction formula of ?ltered back-proj ec 
tion under the parallel beam scan is: 

Considering in?nite straight-line trajectory and equidistantly 
spaced detectors, using Equation (7), (0,s) is replaced by (Lt) 
so that: 
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[0050] It is demonstrated as folloWs: 

*°° °° i r D(—l+r)] (9) , = _[ 1 _ a . m ¢> L £7 g[n an (D) TM 

*1 r D(—l+r)] D2 h[rcos(7r—tan (5)—¢)—? Wdldt 
Here, 

0—n-mn*1(i) S- DHH) 5d0- idldr 
_ D’ U/m?z’ 702w)” ' 

[0051] In the straight-line trajectory scan, 

is replaced by p(l,t). Also, according to the geometric 
structure of FIG. 5, the folloWing results can be obtained: 

min-WW 

Here, 

Which represents a space sampling position of the projection 
data passing through a point of (r,(])) and the ith detector 
element in the linear scan. 
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[0052] By substituting Equation (10) into Equation (9), 
using an equation 

and substituting l=l—t, l'=l'—t, then the reconstructing for 
mula (8) is achieved. 

For Equation (8), if q(l,t)=p(—l+t,t) is substituted into Equa 
tion (8), then 

[0053] Actually, if the range of the straight-line trajectory 
is [—L,L] and the coverage of the detector is [—tm,tm], then 
the image reconstructed according to Equation (8) is not a 
f(x,y) exactly but only an approximate one. Further more, if 
a three-dimension situation is considered, then the approxi 
mate estimation f(r,q),Z) of the object f(X,Y,Z) to be inspected 
can be expressed by Equation (1). 

[0054] FIG. 6 shoWs a ?owchart of the straight-line ?l 
tered back-projection method according to the present 
invention. As shoWn in FIG. 6, after the detector matrix 140 
obtains the projection data and stores these data in the 
memory 161, When an image is to be reconstructed, at step 
S110, the straight-line trajectory scanned projection data 
p(l,t,Z) are read from the memory. 

[0055] Then, at step S120, the projection data conversion 
section 1651 reverses and shifts the projection data p(l,t,Z) to 
obtain q(l,t,Z), Wherein q(l,t,Z) denotes projection data under 
quasi-parallel-beam scan. 

[0056] Thereafter, at step S130, the ?ltration section 1652 
does one-dimension convolution of the projection data q(l, 
t,Z) under quasi-parallel-beam scan With the convolutional 
kernel h in the 1 direction to obtain ?ltered projection data 

[0057] Next, at step S140, the back-projection section 
1653 back-projects the ?ltered projection data Q(l',t,Z) With 
a Weighting factor along the radiation projection direction to 
obtain the reconstructed image. 

[0058] At step S150, the reconstructed image is stored in 
the memory 161 or displayed on a screen of a display 170. 

[0059] Above, the ?ltration, back-projection and recon 
struction formula (1) of the straight-line trajectory scan and 
the inventive image reconstruction method in a case of 
equidistantly spaced detector element arrangement are 
derived. Actually, the detector elements in the detector array 
can also be equi-angularly arranged. If the detector elements 
are arranged equi-angularly, similar to the above derivation, 
the ?ltration, back-projection and reconstruction formula 
can be changed to be: 
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wherein, 

Here, the detector elements in the detector matrix are 
arranged equi-angularly, and the data p(l,y,Z) denotes a 
projection value at an angular position of y in the ZLh slice of 
the detector matrix When the object 120 to be inspected 
moves to a coordinate of l on the line. It should be noted that 
y and Z are both equivalent values of the detector matrix onto 
the central line of the linear movement of the object. The 
notation :ym represent a minimum and a maximum angles of 
the detector matrix in the X-axis direction. 

[0060] Therefore, in a case of equi-angularly spaced 
detector elements, the straight-line ?ltration, back-projec 
tion and reconstruction procedure is as above, in Which the 
reversing and shifting operation is performed according to 
Equation (14), the meaning of the convolution operation is 
the same as that in the equidistance case. 

[0061] In other Words, in the projection data conversion 
section 1651, the projection data p(l,y,Z) are reversed and 
shifted to obtain q(l,y,Z), Wherein the projection data p(l,y,Z) 
denotes a projection value at an angular position of y in the 
ZLh slice of the detector matrix When the object to be 
inspected relatively moves to a coordinate of l on the line. 

[0062] In the ?ltration section 1652, the projection data 
q(l,y,Z) under quasi-parallel-beam scan are one-dimension 
ally convoluted With the convolutional kernel h in the 1 
direction to obtain ?ltered projection data Q(l',Y,Z). 

[0063] In the back-projection section 1653, the ?ltered 
projection data Q(l',t,Z) are back-projected With a Weighting 
factor along the radiation projection direction to obtain the 
reconstructed image. 

[0064] In order to precisely reconstruct images, the radio 
graphic system shall be able to precisely measure or scale 
the folloWing system parameters: a distance T from the 
radiation source to the detector matrix; a distance D from the 
radiation source to a central line of the linear movement; a 
linear movement speed v of the transporting unit; a sampling 
time interval At of the detector matrix; physical siZes of the 
detector including physical siZes of a single detector element 
and physical siZes of the detector matrix and the like. 

[0065] FIG. 7 is a performance comparison among stimu 
lated tomographic images Qi-Y plane) obtained by recon 
structing the data acquired by the imaging system With the 
inventive method and the rebinning-to-parallel-beam algo 
rithm, Wherein a range of 150 degree of horiZontal projec 
tion angles is chosen. The detector element has a Width of 6 
mm and are arranged equidistantly. The equivalent space 
sampling interval of the detector array is 3 mm. The recon 
structed image is of 300*300 pixels, and each pixel has a 
siZe of 3 mm*3 mm. This ?gure is the stimulated results 
using a luggage model, in Which the central slice is recon 
structed, Wherein (A) represents an original image of the 
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model, (B) represents a exact reconstructed image by the 
parallel-beam scan, (C) represents an image reconstructed 
from the straight-line trajectory scanned projection data With 
the rebinning-to-parallel-beam method, (D) represents an 
image reconstructed With the inventive method, (E) repre 
sents another image reconstructed by the rebining-to-paral 
lel-beam method in a case of data truncation in the detector 
direction, and (F) represents another image reconstructed by 
the inventive method in a case of data truncation in the 
detector direction. As shoWn in FIG. 7, the inventive 
method, as compared With the rebinning-to-parallel-beam 
method, signi?cantly improves the spatial resolution, and 
reduces the in?uence of data truncation. 

[0066] Hereto, the present invention has already been 
described With the preferred embodiments thereof. It should 
be understood by those skilled in the art, many variations, 
substitutions and additions are possible Without departing 
from the spirits and scopes of the present invention. There 
fore, the scopes of the invention should not be construed to 
be limited to the above speci?c embodiments but should be 
limited by the appended claims. 

1. A system for reconstructing an image by using a 
straight-line trajectory scan, comprising: 

a projection data conversion section for converting pro 
jection data from straight-line trajectory scan into pro 
jection data under quasi-parallel-beam scan; 

a ?ltration section for obtaining ?ltered projection data by 
convoluting the projection data under quasi-parallel 
beam scan With a predetermined convolutional kernel; 
and 

a back-projection section for reconstructing an image by 
back-projecting the ?ltered projection data With a 
Weighting factor. 

2. The system for reconstructing an image according to 
claim 1, further comprising: a detector matrix comprising a 
plurality of detector elements for receiving transmitted sig 
nals caused by radiations Which are emitted from a radiation 
source and penetrate through an object to be inspected, and 
for converting the transmitted radiations into the projection 
data. 

3. The system for reconstructing an image according to 
claim 2, Wherein the plurality of detector elements are 
arranged in accordance With one and the same spacing 
interval. 

4. The system for reconstructing an image according to 
claim 3, Wherein: 

the projection data conversion section reverses and shifts 
the projection data p(l, t, Z) to obtain the projection data 
q(l,t,Z) under quasi-parallel-beam scan, Wherein the 
projection data p(l,t,Z) denotes a projection value at a 
coordinate of t in the Zth slice of the detector matrix 
When the object to be inspected relatively moves to a 
coordinate of l on the line; 

the ?ltration section performs one-dimension convolution 
of the projection data q(l,t,Z) under quasi-parallel-beam 
scan With the predetermined convolutional kernel in the 
1 direction to obtain the ?ltered projection data Q(l',t,Z); 
and 
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the back-projection section back-proj ects the ?ltered pro 
jection data Q(l',t, Z) With a Weighting factor along the 
radiation projection direction to obtain the recon 
structed image. 

5. The system for reconstructing an image according to 
claim 2, Wherein the plurality of detector elements are 
arranged With regard to the radiation source in accordance 
With one and the same angular interval. 

6. The system for reconstructing an image according to 
claim 5, Wherein: 

the projection data conversion section reverses and shifts 
the projection data p(l,y,Z) to obtain the projection data 
q(l,y,Z) under quasi-parallel-beam scan, Wherein the 
projection data p(l,y, Z) denotes a projection value at an 
angular position of y in the Zth slice of the detector 
matrix When the object to be inspected relatively moves 
to a coordinate of l on the line; 

the ?ltration section performs one-dimension convolution 
of the projection data q(l,y,Z) under quasi-parallel-beam 
scan With the predetermined convolutional kernel in the 
1 direction to obtain the ?ltered projection data Q(l',Y,Z), 
and 

the back-projection section back-proj ects the ?ltered pro 
jection data Q(l',Y,Z) With a Weighting factor along the 
radiation projection direction to obtain the recon 
structed image. 

7. A method for reconstructing an image by using a 
straight-line trajectory scan, comprising: 

a projection data conversion step for converting projec 
tion data from straight-line trajectory scan into projec 
tion data under quasi-parallel-beam scan; 

a ?ltration step for obtaining ?ltered projection data by 
convoluting the projection data under quasi-parallel 
beam scan With a predetermined convolutional kernel; 
and 

a back-projection step for reconstructing an image by 
back-projecting the ?ltered projection data With a 
Weighting factor. 

8. The method for reconstructing an image according to 
claim 7, further comprising a step of: 

receiving transmitted signals caused by radiations Which 
are emitted from a radiation source and penetrate 
through an object to be inspected and converting the 
transmitted radiations into the projection data by a 
detector matrix including a plurality of detector ele 
ments. 

9. The method for reconstructing an image according to 
claim 8, Wherein the plurality of detector elements are 
arranged in accordance With one and the same spacing 
interval. 

10. The method for reconstructing an image according to 
claim 9, Wherein: 

at the projection data conversion step, reversing and 
shifting the projection data p(l,t,Z) to obtain the pro 
jection data q(l,t,Z) under quasi-parallel-beam scan, 
Wherein the projection data p(l,t,Z) denotes a projection 
value at a coordinate of t in the Zth slice of the detector 
matrix When the object to be inspected relatively moves 
to a coordinate of l on the line; 
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at the ?ltration step, performing one-dimension convolu 
tion of the projection data q(l,t,Z) under quasi-parallel 
beam scan With the predetermined convolutional kernel 
in the 1 direction to obtain the ?ltered projection data 
Q(l',t,Z); and 

at the back-projection step, back-projecting the ?ltered 
projection data Q(l',t,Z) With a Weighting factor along 
the radiation projection direction to obtain the recon 
structed image. 

11. The method for reconstructing an image according to 
claim 8, Wherein the plurality of detector elements are 
arranged With regard to the radiation source in accordance 
With one and the same angular interval. 

12. The method for reconstructing an image according to 
claim 11, Wherein: 

at the projection data conversion step, reversing and 
shifting the projection data p(l,y,Z) to obtain the pro 
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jection data q(l,y,Z) under quasi-parallel-beam scan, 
Wherein the projection data p(l,y,Z) denotes a projection 
value at an angular position of y in the Zth slice of the 
detector matrix When the object to be inspected rela 
tively moves to a coordinate of l on the line; 

at the ?ltration step, performing one-dimension convolu 
tion of the projection data q(l,y,Z) under quasi-parallel 
beam scan With the predetermined convolutional kernel 
in the 1 direction to obtain the ?ltered projection data 
Q(l',Y,Z), and 

at the back-projection step, back-projecting the ?ltered 
projection data Q(l',y,Z) With a Weighting factor along 
the radiation projection direction to obtain the recon 
structed image. 


